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(54) WINDOW OPENING AND CLOSING APPARATUS 



(57) A rotational speed sensor (29) generates 
pulses having a period proportional to the speed of a 
motor, and a pulse period calculator section (32) calcu- 
lates the period of the pulses. A jamming determination 
section (36) calculates the motor load based on the 
pulse period and determines that an object is jammed 
when the load exceeds a predetermined threshold. 
Once it has been judged than an object is jammed, a 
drive control section (40) stops the motor, then controls 
the motor for reverse rotation, thereby releasing the 
object. A door opening and closing detection section 
(34) further detects the opening or closing operation of 
a door which is one disturbance factor. If the door is 
opened or closed, an inhibit control section (38) inhibits 
jamming judgment for a predetermined period of time 
thereafter. This prevents an incorrect judgment due to 
the opening or closing of the door. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a window 
opening and closing apparatus using a motor drive, and 
more particularly to a window opening and closing 
apparatus that is capable of detecting a jamming object 
during the opening and closing operations. 

BACKGROUND ART 

[0002] A representative technique among those 
known for opening and closing a window with a motor is 
the so-called "power windows" where a side window of 
a vehicle is opened and closed with a motor. When 
automatically opening or closing a window by motor 
drive, it becomes necessary to perform a control opera- 
tion, such as for stopping the opening or closing opera- 
tion, when an object is jammed between the moving 
window and the window frame. This is done to prevent 
damage, either to the object itself or to the window, or a 
mechanism for opening or closing the window. 
[0003] This sort of technique for detecting the jam- 
ming of an object is disclosed in Japanese Patent Laid- 
Open Publication No. Hei 5-95694. In this technique, 
pulses proportional to the rotational speed of the motor 
are generated and the jamming of an object is detected 
from a change in the period of the pulses. Namely, when 
an object is jammed, the load on the motor increases so 
that its rotational speed decreases, and jamming is 
detected through this decrease in rotational speed. 
[0004] However, in an apparatus for opening and clos- 
ing a window installed in a door, such as the side win- 
dow of a vehicle, a decrease in the rotational speed of 
the motor may be caused by factors often than a 
jammed object as mentioned above but also by other 
factors. These other factors could even include the 
impact caused by normal opening and closing of the 
door. Furthermore, if the window is provided in a vehicle 
door, vibrations of the vehicle body due to the character- 
istics of the road surface on which the vehicle is 
traveling, especially the irregularities in the road sur- 
face, also become the above-mentioned disturbances. 
When judging the jamming of an object from the rota- 
tional speed of the motor, as in the above-mentioned 
apparatus of the prior art, a problem exists that a 
change in the rotational speed of the motor caused by 
the factors mentioned above will also be judged to be 
due to object jamming. 

[0005] As a specific example, when the door is 
opened or closed during the opening or closing of the 
window glass in a vehicle having power windows, the 
, change in motor rotational speed accompanying the 
door opening or closing operation is incorrectly judged 
to be due to an object jam. Furthermore, if the opening 
or closing operation of the window is performed when 
vehicle body vibrations are large due to the road sur- 



face, such as the vibrations that are caused by traveling 
over a rough road, the change in motor rotational speed 
due to vehicle body vibrations is incorrectly judged to be 
due to an object jam. 

5 

% DISCLOSURE OF INVENTION . 

[0006] The present invention solves the above-men- 
tioned problem and has an object to provide a window 

io opening and closing apparatus in which an incorrect 
judgment of object jamming does not occur. 
[0007] In order to achieve this object, the window 
opening and closing apparatus relating to the present 
invention for performing by motor the opening and clos- 

75 ing of a window glass installed in a door comprises 
means for detecting the rotational speed of the motor, 
means for detecting a disturbance factor that causes an 
abnormal change in the rotational speed of the motor 
besides when the window glass jams an object, means 

20 for determining based on the disturbance factor that the 
window glass has jammed an object, and control means 
for at least inhibiting the movement of the window glass, 
if object jamming was determined, at the time object 
jamming was determined. 

25 [0008] According to this configuration, it is possible to 
prevent an incorrect determination that an object has 
been jammed when the rotational speed of the motor 
changes abnormally because of a disturbance factor, 
and not because the window glass has jammed an 

30 object. Incorrect judgment of an object jam is thereby 
prevented. 

[0009] Furthermore, with the above-mentioned distur- 
bance factor considered to be the door opening or clos- 
ing operation, the disturbance factor detection means 

35 can be used as door opening or closing operation 
detection means. The impact generated from the open- 
ing or closing of the door causes a fluctuation in the 
rotational speed of the motor. However, because the 
opening or closing of the door was also included in the 

40 determining factor of object jamming, an incorrect judg- 
, ment caused by the opening or closing of the door can 
be prevented. 

[0010] Furthermore, the jam determination means 
may also include inhibit control means for inhibiting jam- 

45 ming determination for a predetermined period when 
the door opening or closing operation is detected. After 
the door is opened or closed, the determination of 
object jamming is inhibited for a predetermined period 
thereby preventing incorrect judgment during this 

50 period. 

[001 1 ] The jamming determination means determines 
that jamming has occurred when a value that is calcu- 
lated from the rotational speed of the motor exceeds a 
predetermined threshold and may include means for 
55 modifying the threshold for a predetermined time when 
the opening or dosing of the door has been detected. 
By modifying the threshold for jamming determination 
for a predetermined time after the door has been 
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opened or closed, incorrect judgment during this period 
can be prevented. If a value greater than or equal to the 
modified threshold is calculated, judgment of object 
jamming is made even before the predetermined period 
has elapsed. 

[001 2] With the door installed on the vehicle and the 
disturbance factor being an input from a road surface on 
which the vehicle is traveling caused by the characteris- 
tics of the road surface, the window opening and closing 
apparatus may further comprise means for evaluating 
the characteristics of the road surface. 
[001 3] According to this configuration, the determina- 
tion of an object jam is performed while including road 
surface characteristics. For example, during travel on a 
rough road, which is one road surface characteristic, the 
input from the road surface caused by irregularities in 
the road surface enables a control operation to be per- 
formed so that, even if the rotational speed of the motor 
fluctuates, any such fluctuation is not mistaken as a 
change in the rotational speed due to object jamming. 
This control is especially effective when a driver 
attempts to close a rear seat window while traveling on 
a rough road. The window at the rear seat is located in 
a position that is difficult for the driver to see, thus mak- 
ing it difficult to confirm an open or closed state during 
travel. If a vibration from traveling on a rough road is 
mistaken for object jamming, the window will not close, 
even though a control operation to close the window is 
attempted. Since the driver cannot easily confirm 
whether the window is open or closed, the driver cannot 
recognize that the window is not completely closed and 
the window will remain open for a long period. In the 
present invention, mistaking the vibration from the road 
surface for object jamming is prevented. Thus, when a 
control operation is performed to close the window, the 
window is reliably closed completely so that the control 
operation agrees with the desire of the driver. 
[0014] Furthermore, the jamming determination 
means determines that jamming has occurred when a 
value that is calculated from the rotational speed of the 
motor exceeds a predetermined threshold and may 
include means for modifying the threshold according to 
the characteristics of the road surface. Because, 
according to this configuration, the threshold to be used 
for jamming determination is modified according to the 
characteristics of the road surface, incorrect judgment 
of object jamming due to input from the road surface 
can be prevented. When there is a fluctuation in the 
motor rotational speed that is greater than or equal to 
the modified threshold, object jamming judgment is 
made, even while traveling on a rough road during this 
time. 

[00115] Furthermore, the road surface characteristic 
evaluation means can evaluate the characteristics of the 
road surface based on changes in the rotational speed 
of the motor. As a result, it is not necessary to provide 
other configurations to evaluate the road surface char- 
acteristic, and any associated increase in cost can be 



curbed. 

[0016] Furthermore, a window opening and closing 
apparatus according to another embodiment of the 
present invention for opening and closing by a motor a 

5 window installed in a door of a vehicle may include 
means for detecting the rotational speed of the motor, 
means for evaluating the characteristics of the road sur- 
face on which the vehicle is traveling based on the rota- 
tional speed of the motor, means for controlling the drive 

10 of the motor according to the characteristics of the road 
surface, and furthermore jamming determination 
means, and means for inhibiting jamming determination 
for a predetermined period when the door opening or 
closing operation has been detected. According to this 

is configuration, the window can be controlled to meet the 
characteristics of the road surface. 
[0017] Furthermore, in the above-mentioned embodi- 
ments, the motor speed detection means may include 
means for generating pulses at a period proportional to 

20 the motor speed and pulse period calculation means for 
calculating the period of the pulses so that the pulse 
period can be detected as the rotational speed of the 
motor. The jam determination means may calculate the 
motor load based on the pulse period so that an object 

25 jam can be determined on the basis of the motor load 
and the above-mentioned disturbance factor. 

BRIEF DESCRIPTION OF DRAWINGS 



30 [0018] 
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Rg. 1 is a schematic drawing of a window opening 
and closing apparatus concerning the present 
invention. 

Fig. 2 is a block diagram of an embodiment of the 
present invention. 

Fig. 3 is a control flowchart for the embodiment 
shown in Fig. 2. 

Fig. 4 is a block diagram of another embodiment of 
the present invention. 

Fig. 5 is a control flowchart for the embodiment 
shown in Fig. 4. 

Fig. 6 shows an example of changes in a judgment 
threshold and detected signal in the apparatus of 
the embodiment shown in Rg. 4. 
Rg. 7 is a block diagram of still another embodi- 
ment of the present invention. 
Rg. 8 shows the relationship between the thresh- 
olds and the pulse period that is associated with the 
load on a motor. 

Rg. 9 is a control flowchart for the embodiment. 
Fig. 10 is a flowchart illustrating a calculation 
method for motor load. 

Rg. 11 shows an equivalent circuit of a typical 
motor. 

Rg. 12 shows the equilibrium between an external 
force on the motor and the torque generated by the 
motor. 
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5 EP0903 

BEST MODES FOR CAR RY I NG OU r T .*TH E INVEN- 
TION : ; 

[0019] Embodiments of the present invention will be 
described in the following with* reference to the draw- s 
ings. Fig. 1 shows a schematic drawing of a power win- 
dow for a vehicle. A door 10 of " 
body 12, a sash 14, and a win 
along a guide rail 15. In an oper 
1 6 is for the most part housed ir 
state moves to a position contac 
for a closed state. The windoy 
driven by a motor 18. The mot' 

the body 1 2 and oriented so tha 

stantially within the page plane c 
the motor drive shaft is transmit 
worm gear, to a toothed drive f 
rotating shaft that is perpendicuh 
toothed belt 26 has been placed ai uuna tne drive pulley 
20 and two driven pulleys 22, 24, which are arranged at 20 
the top and bottom within the door body. A support 
bracket 28, which supports a bottom edge of the win- 
dow glass is further secured onto the toothed belt 26. 
Therefore, the toothed belt 26 rotates with the rotation 
of the motor, thereby raising and lowering the support 25 
bracket 28 between the driven pulleys 22, 24. This 
accomplishes the opening and closing of the window 
glass. 

[0020] If, in this type of power window, an object is 
jammed between the window glass and sash while the 30 
window glass is being closed and the close operation 
continues further, the jammed object, the window, or 
even the drive mechanism for the window with the motor 
may become damaged. 

[0021] Furthermore, it is possible for the object to be 35 
drawn into the door pocket within the door body along 
with the window glass during the opening operation, 
resulting in the object becoming jammed between the 
door body and glass. The damage mentioned above, 
such as to the object and the like, is also possible in this 40 
case. In this embodiment, object jamming as described 
above is detected, and when a jam is detected, the 
motor is controlled accordingly. 

[0022] In order to detect the rotational speed of the 
motor, on the motor is installed a rotational speed sen- 45 
sor 29 for generating a predetermined number of rec^ 
tangular pulses per rotation. Therefore, this rotational 
speed sensor 29 functions as a means for pulse gener- 
ation. An output of this rotational speed sensor 29 is 
transmitted to a control section 30. so 
[0023] The control section 30 has a configuration 
shown in Fig. 2. A pulse period calculator section 32 cal- 
culates the period of pulses based on the pulses from 
the rotational speed sensor 29. A door opening and 
closing detection section 34 detects whether or not the 55 
door opening or closing operation was performed. This 
door opening and closing detection section 34 prefera- 
bly comprises an existing courtesy switch for detecting 
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whether the door is in an open or closed state, and a 
detection section for detecting the leading edge or trail- 
ing edge in an output of the courtesy switch. When 
there is a leading edge or trailing edge in the output of 
the courtesy switch, there was a door opening or closing 
operation. 

[0024] A jamming determination section 36 deter- 
mines, based on the above pulse period and a signal 
from the door opening and closing detection section 34, 
whether or not an object is jammed between the window 
glass 16 and window frame. Described in more detail, 
the jamming determination section 36 calculates the 
load on the motor 18 from the period of the pulses from 
the rotational speed sensor 29 (the load calculation 
method is described later), and judges that an object is 
jammed when the load exceeds a preset threshold. 
However, as described above, the impact generated by 
the opening or closing operation of the door 1 0 causes 
the load on the motor 18 to fluctuate. Since this load 
fluctuation causes the rotational speed of the motor to 
change, the jamming determination section 36 includes 
an inhibit control section 38 for inhibiting jamming deter- 
mination for a predetermined time when the door open- 
ing or closing operation is performed. 
[0025] When jamming determination is made by the 
jamming determination section 36, a drive control sec- 
tion 40 transmits control commands to the motor 18, to 
first stop, and to then rotate in a direction opposite to 
that of the current rotation for a predetermined time. 
Thus, if an object is jammed, such as between the win- 
dow glass 1 6 and sash 1 4, the movement of the window 
glass 16 immediately stops, then reverses so that the 
jammed object is released. When door opening or clos- 
ing operation is performed, jamming determination is 
inhibited for a predetermined time thereby preventing 
the load fluctuation of the motor at this time from being 
determined as object jamming. 
[0026] Fig. 3, shows a control flowchart for a case 
where the door closing operation is performed while the 
window glass 16 is being raised to close the window. 
First, it is judged whether the window glass 16 is rising 
(S10), and the operation only continues to the next step 
rf it is judged that the window glass 16 is rising. Next, it 
is judged whether 50 ms or longer has elapsed since 
the door closing operation was performed (S12). This 
50 ms is set as a time that is slightly longer than the time 
it takes for the impact of the closing door to influence the 
fluctuation of the motor rotational speed, and is prefera- 
bly set appropriate, such as according to the construc- 
tion of the door. If 50 ms has elapsed after the closing 
operation of the door, it is judged that an object is 
jammed (S14). Once an object jamming is determined, 
a control operation is performed so that the rising win- 
dow glass is instead lowered (S16). 
[0027] In step SI 4, the operation returns to step S10 
if object jamming is not determined. In step S12. if 50 
ms has not elapsed after the closing operation of the 
door, steps S14 and S16 are skipped and jamming judg- 
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ment is not performed. As a result, jamming determina- 
tion is inhibited for a predetermined time after the 
closing operation of the door thereby preventing the ris- 
ing movement of the window glass 16 from stopping due 
to incorrect judgment of object jamming caused by the 
door closing operation. 

[0028] Fig. 4 shows a block diagram of another 
embodiment of the present invention. This embodiment 
is characterized by a modification which changes con- 
trol section 30 in the above-mentioned embodiment to a 
control section 50. Except for control section 50, the 
configuration is the same as that shown in Fig. 2. In Fig. 
4, corresponding parts that have been already 
described are given corresponding reference numerals 
and their description will not be repeated here. Control 
section 50 calculates the period of the pulses from rota- 
tional speed sensor 29 with a pulse period calculator 
section 52. A jamming determination section 56 calcu- 
lates the load on the motor 1 8 from the pulse period and 
determines that an object is jammed it the load is 
greater than or equal to a predetermined threshold. On 
the other hand, when the door opening and closing 
detection section 34 detects the door opening or closing 
operation, a threshold modification section 58 modifies 
the threshold, which is used in the above-mentioned 
jamming determination, for a predetermined time. Dur- 
ing this time, the jamming determination section 56 
determines that an object is jammed when the motor 
load is greater than or equal to the modified threshold. 
[0029] Once it is determined that an object is jammed, 
a drive control section 60 transmits control commands 
to the motor 1 8, first to stop, then to rotate in a direction 
opposite to that of the current rotation for a predeter- 
mined time. Thus, if an object is jammed, such as 
between the window glass 16 and sash 14, the move- 
ment of the window glass 16 immediately stops, then 
reverses so that the jammed object is released. 
[0030] Thus, since the threshold has been modified, 
the motor load is prevented from being greater than or 
equal to the threshold, even if a motor load fluctuation 
occurs during a door opening or closing operation, 
thereby preventing an incorrect judgment of object jam- 
ming In other words, the threshold is modified to a 
value at which the motor load fluctuation accompanying 
the door opening or closing operation is not detected, 
thus preventing an incorrect judgment of object jam- 
ming. 

[0031] Fig. 5 shows a control flowchart for a case 
where the door closing operation is performed while the 
window glass 16 is being raised to close the window. 
Fig. 6 shows the changes in motor load, door opening 
and closing detection signal, and threshold used for 
judgment when the door is closed while the window 
glass is rising. 

[0032] In the flowchart shown in Fig. 5, steps that cor- 
respond to those in the flowchart shown in Fig. 3 are 
given the same reference numerals and their descrip- 
tion will not be repeated here. A characteristic of this 



control flow is that the threshold for use in jamming 
determination is modified (S20) if it was judged in step 
S12 that 50 ms has not elapsed from the time the door 
closing operation was performed. Namely, jamming that 

5 would normally be determined when the motor load 
reaches, for example, 80 N, is not determined after the 
threshold has been modified until the load reaches 100 
N within 50 ms from the time the door closing operation 
was performed. Then, if 50 ms has elapsed from the 

70 door opening operation, the threshold is restored (S22) 
to its initial value (80 N in this embodiment), and object 
jamming is judged in step S14. 
[0033] As shown in Fig. 6, when the output of the cour- 
tesy switch in the door 10 changes from an open state 

is to a closed state, control section 50 detects this leading 
edge and modifies the threshold only for a 50 ms inter- 
val. As a result, the fluctuation of the motor load due to 
the door closing operation is prevented from influencing 
jamming determination. Thus, a situation where rising 

20 of the window giass 1 6 stops is presented. 

[0034] The threshold for the above jamming judgment 
is preferably modified by an appropriate amount since 
the amplitude of the fluctuation of the 5 motor load 
changes, such as due to the construction of the door, 

25 and is thus not limited to the example used above(mod- 
ification from 80 N to 100 N). In other words, it is*>refer- 
able to have the threshold modified by a small amount 
where the load fluctuation of the motor accompanying 
the door opening or closing operation is not detected. It 

30 is also preferable to appropriately modify the time after 
the door opening or closing operation during which the 
threshold has been modified according to the door con- 
struction (50 ms in this embodiment). It is also prefera- 
ble to set the time to as short a value as possible. 

35 [0035] In this way, the threshold is modified^ in this 
embodiment for a predetermined time after the door 
opening or closing operation, thereby preventing the 
motor load fluctuation accompanying the opening or 
closing of the door from being mistaken as a change in 

40 the motor load resulting from object jamming.' If the 
motor load exceeds the modified threshold, even during 
this time, object jamming judgment is performed so that 
a control operation can be performed promptly in 
response to the jamming. 

45 [0036] In the door opening and closing operations 
described above, it is also possible to set, separately for 
the door opening operation and for the door closing 
operation, the threshold for object jamming judgment, 
the time for inhibiting jamming determination, and the 

so time for modifying the threshold. 

[0037] Fig. 7 shows a block diagram of still another 
embodiment. This embodiment is characterized by a 
modification which changes control section 30 or control 
section 50 of the above-mentioned embodiments to a 

55 control section 70. The configuration, except for control 
section 70, corresponds to that shown in Fig. 2. Parts in 
Fig. 7 that have already been described are given corre- 
sponding reiference numerals and Will not be described 
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again here. 

[0038] The control section 70 has a configuration as 
shown in Fig. 7. A pulse period calculator section 72 cal- 
culate the period of pulses based on the pulses from the 
rotational speed sensor 29. A jamming determination 5 
section 74 determines, based on a signal of the above- 
mentioned pulse period, whether an object is jammed 
between the window glass 16 and window frame. 
Described in more detail, jamming determination sec- 
tion 74 calculates the load on the motor 18 from the 10 
period of pulses from the rotational speed sensor 29 
(the load calculation method is described later), and 
judges that an object is jammed when the load exceeds 
a preset threshold. 

[0039] In a road surface evaluation section 76, road 75 
surface characteristics are evaluated using the pulse 
period that was calculated by the pulse period calculator 
section 72. As the vehicle only slightly bounces when 
traveling on a paved road surface (smooth road sur- 
face), such as an asphalt road, a large fluctuation is not 20 
evidenced in the motor load, even when the window 
glass 16 is moved. Therefore, the fluctuation of the 
pulse period is small as shown by the broken line in Fig. 
8. On the other hand, during travel on an unpaved road 
surface (rough road), the vehicle body bounces up and 25 
down due to the irregularities in the road surface. Since 
the window glass also vibrates, the motor load is also 
influenced and fluctuates. Thus, the pulse period fluctu- 
ates substantially as shown by the solid line in Fig. 8. 
Through the characteristics of this change in pulse 30 
period, the road surface evaluation section 76 evaluates 
the road surface characteristics. Namely, when the 
pulse period suddenly shortens, the road surface being 
traveled is evaluated as being rough when the slope of 
the line falling to the right becomes steep, such as at 35 
part C in Fig. 8. 

[0040] In jamming determination section 74, the jam- 
ming of an object is judged through the threshold which 
is set to correspond to the motor load. When traveling 
on a smooth road, the pulse period equivalent to this 40 
load is the first threshold shown by an alternate long 
and short dashed line in Fig. 8. The first threshold is a 
sufficiently large value compared to the change in pulse 
period during travel on a smooth road. However, there 
are instances where the pulse period during travel on a 45 
rough road exceeds the first threshold as shown by A 
and B in the figure. When judging object jamming from 
the first threshold, the change in pulse period due to the 
rough road is mistaken as object jamming at A and B. If 
the road surface evaluation section 76 judges that a so 
rough road is being traveled, a threshold modification 
section 78 instructs the jamming determination section 
74 to modify the threshold to a second threshold shown 
by the alternate line in the figure. The second threshold 
is a value that is appropriately set so as to be larger than ss 
the maximum value of the pulse period that fluctuates 
due to travel on the rough road and is preferably set indi- 
vidually according to characteristics of the vehicle. 



[0041] As described above, jamming determination 
section 74 performs object jamming judgment using the 
first threshold when the vehicle is traveling on a smooth 
road and using the second threshold when the vehicle is 
traveling on a rough road. When it is determined that an 
object is jammed, the drive control section 40 transmits 
control commands to the motor 18, first to stop, and 
then to rotate in a direction opposite to that of the cur- 
rent rotation for a predetermined time. Thus, when an 
object is jammed, such as between the window glass 1 6 
and sash 14, the movement of the window glass 16 
immediately stops, then reverses, thereby releasing the 
jammed object. 

[0042] In Fig. 9, there is shown a flowchart illustrating 
a control of a power window that matches road surface 
characteristics, and in particular control when the win- 
dow is being closed. First, it is judged whether the win- 
dow glass 16 is rising (S30), and if it is, the pulse period 
is calculated (S32). Next, the calculated pulse period is 
compared with the preceding period then judged 
whether it has become suddenly shorter (S34). This 
step evaluates the characteristics of the road surface. 
As described above, since the fluctuation of the pulse 
period becomes large during travel on rough roads, the 
pulse period suddenly shortens or lengthens. Although 
the pulse period also lengthens due to object jamming, 
the pulse period simply lengthens in this case and does 
not shorten. Thus, the shortening of the pulse period 
makes it possible to judge that the vehicle is traveling on 
a rough road. 

[0043] When the pulse period is suddenly shorter in 
step S34, it is judged that the vehicle is traveling on a 
rough road (S36). On the other hand, if the pulse period 
is not suddenly shorter, it is judged that the vehide is 
not traveling on a rough road, namely, that the vehicle is 
traveling on a smooth road (S38). The first threshold. is 
selected (S40) when the vehicle is traveling on a 
smooth road and the second threshold is selected (S42) 
when the vehicle is traveling on a rough road. Then, 
object jamming determination is performed (S44) with 
the threshold that matches the road surface characteris- 
tics. If it is determined that an object is jammed, a con- 
trol operation is performed (S46) to lower the window 
glass 16, thereby releasing the object. 
[0044] The amount of modification in the threshold for 
the jamming judgment is preferably modified as appro- 
priate because the amplitude of the fluctuation in the 
motor load varies according to door construction and 
vehicle suspension characteristics. 
[0045] Thus, this embodiment prevents the fluctuation 
in the motor load that occurs due to irregularities in the 
road surface, even while traveling on a rough road, from 
being mistaken as a change in the motor load due to 
object jamming. Furthermore, jamming detection can 
be performed, even if it has been judged that the vehicle 
is traveling on a rough road, since it is judged that an 
object is jammed if the load exceeds the modified 
threshold. 
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[0046] Next, the calculation of the motor load is 
described with reference to the flowchart shown in Fig. 
10. The change in load AF between time U and time t 2 
is calculated (S100) with the following expression from 
pulse period T, at time tl and pulse period T 2 at time t 2 . 



' 1 1 o 



(1) 



k 1 is a proportional constant, the actual value of which 
will be mentioned later. The sign of load change AF is 
judged (S102), and if the value is 0 or positive, load. F p 
is calculated (S104) using the following expression. 



F p -F p+ AF 



(2) 



If the sign of load change AF'is negative in step S102, 
load F n is calculated (S106) using the following expres- 
sion. 



(3) 
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15 



20 



motor. In Fig. 1 1, a current I that flows when a voltage 
E 0 is applied to the motor of resistance r and inductance 
L is expressed in expression (4) with counter electromo- 
tive force E of the motor. The motor's counter electro- 
motive force E and generated torque N are respectively 
expressed by (5) and (6). 



r/ + /^=E 0+ £ 



E=k* 8cd 



N=k* Bl 



(4) 



(5) 
(6) 



Here, k is a proportional constant and B is a magnetic 
flux density that is generated within the motor. Ah equa- 
tion of motion (7) is obtained from the equilibrium of 
forces shown in Fig. 12. 



J^N-f-R 



(7) 



Furthermore, if load change AF is positive, load F n is set 
to 0 (S108). ft load change AF is negative, load F p is set 
toO (S1 10) 

[0047] Loads F p and F n that are summed as 
described above respectively indicate that the load is 
simply increasing and the load is simply decreasing. 
Hereinafter, F p will be referred to as the increasing load 30 
and F n as the decreasing load. 

[0048] The increasing load F p that was calculated in 
the manner above is compared with judgment value F 0 
(S1 12), and if F p exceeds F 0 , it is judged that an object 
jamming has occurred (S114). The motor is controlled 
to stop so that the load does not increase further and 
the movement of the window is stopped. If 



F p is less 



returns to step Si 00. It is judged that an object is 
jammed in this embodiment as described above when 
the increasing load F p reaching a predetermined judg- 
ment value F 0 . On the other hand, when load change 
AF becomes negative, the increasing load Fp that is 
summed until that time is set to 0, thereby eliminating an 
apparent rise in the integrated value due to other fac- 
tors. For example, a case where load change AF 
becomes positive due to a change in resistance from 
the position of the guide rail 1 5 is not summed because 
in this sort of load fluctuation, positive and negative fluc- 
tuations repeat and step Si 10 sets increasing load F p to 
0 each time the fluctuation becomes negative. Accord- 
ing to the above-mentioned control operation, an object 
jam is judged only when the load simply increases and 
reaches a predetermined value, thus preventing an 
incorrect judgment due to other load fluctuations. 
[0049] Calculation of load change AF is described 
next. Fig. 11 shows an equivalent circuit for the motor 
and Fig. 12 shows the equilibrium of forces on the 



25 Rewriting equation (7) yields: 



. R dt 
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(8) 



Since the following expressions hold tune over short 
periods of time, 



expressions (4), (5), and (6) yield: 



ft 1 



k ~ kB 



where 



2 nk 2 B 2 
rR 



2n 

= T 



(9) 



(10) 



From this expression, it can be appreciated that externa! 
force f, namely, the load on the motor, is inversely pro- 
portional to period T Assuming the rotational periods at 
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times t-, and t 2 are respectively iy and T 2 \ the change 
in external force Af between time and time t 2 can be 
expressed by the following expressions. 



Claims 



1 ' 2 



(H) 



In this embodiment, the change in external force Af 
denotes the load change AF, and the rotational period T 
denotes an integral multiple of the period of the output 
pulses from the rotational speed sensor, so it can be 
appreciated that expression (1 1) is the same as expres- 
sion (1). In particular, if the pulse from the rotational 
speed sensor is output once for each rotation, the result 
is T«T and k so that expression (11) and 
expression (1) perfectly correspond. Furthermore, since 
applied voltage E 0 for the motor does not change within 
short periods of time, the first term of expression (10) is 
canceled in expression (11). Therefore, a judgment 
independent of vehicle battery voltage becomes possi- 
ble. 

[0050] In the above-mentioned embodiments, the 
threshold, the inhibit time, and the modification time in 
the raising and lowering of the window glass can be 
individually set. Furthermore, it is also possible to per- 
form the above-mentioned control only for one of either 
window raising or window lowering. 
[0051] In the above-mentioned embodiments, when 
object jamming was determined, a control operation 
was performed so that the movement of the window 
glass 16 is first stopped, then moved a predetermined 
amount in the reverse direction. However, it is also pos- 
sible to perform the control operation so that the window 
glass 16 is only stopped. In other words, it is necessary 
to at least stop the current window movement and pre- 
vent the current state from worsening. 
[0052] Furthermore, although the motor load was cal- 
culated from the change in the rotational speed of the 
motor in the above-mentioned embodiments, it is also 
possible to determine object jamming directly from the 
change in the rotational speed of the motor, namely, 
from the change in pulse period. In this case, it is suffi- 
cient to judge the object jam by a change in pulse period 
that exceeds a predetermined threshold. 
[0053] Furthermore, although motor load was calcu- 
lated from the change in rotational speed of the motor in 
the above-mentioned embodiments, it is also possible 
to calculate the motor load using another method. 

INDUSTRIAL APPLICABILITY 

[0054] The present invention is also applicable to 
other than vehiclular uses, such as in motor operated 
window opening and closing mechanisms installed in 
doors in buildings, and further to automatic doors in 
buildings. 
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4. 



A window opening and closing apparatus using a 
motor for opening and closing a window glass dis- 
posed on a door, the window opening and closing 
apparatus comprising: 

means for detecting a rotational speed of said 
motor; 

means for detecting a disturbance factor caus- 
ing an abnormal change in the rotational speed 
of said motor besides when the window glass 
jams an object; 

means for determining, based on the rotational 
speed of said motor and on said disturbance 
factor, that the window glass has jammed an 
object; and 

control means for at least inhibiting, if jamming 
of said object was determined, the operation of 
the window glass at the time the jam was deter- 
mined. 

A window opening and closing apparatus according 
to claim 1 wherein said disturbance factor is a door 
opening or closing operation, and said disturbance 
detection means is door opening and closing detec- 
tion means. 

A window opening and closing apparatus according 
to claim 2 wherein said jamming determination 
means includes inhibit control means for inhibiting 
jamming determination for a predetermined period 
when said door opening or closing operation was 
detected. 

A window opening and closing apparatus according 
to claim 2 wherein said jamming determination 
means determines a jam when a value that is calcu- 
lated from the rotational speed of said motor 
exceeds a predetermined threshold, and comprises 
means for modifying said threshold for a predeter- 
mined period when said door opening or closing 
operation was detected. 

A window opening and closing apparatus according 
to one of claims 1 -4 wherein said door is disposed 
on a vehicle. 

A window opening and closing apparatus according 
to claim 1 wherein: 

said door is disposed on a vehicle; and 
said disturbance factor is an input from a road 
surface on which said vehicle is traveling 
caused by characteristics of the road surface; 
and said apparatus further comprises: 
means for evaluating the characteristics of said 
road surface. 
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7. A window opening and closing apparatus according 
to claim 6 wherein: 



has jammed due to a foreign object based on 
said motor load and said disturbance factor; 
and 



said jamming determination means determines 
jamming has occurred when a value that is cal- 
culated from the rotational speed of said motor 
exceeds a predetermined value, and which 
comprises means for modifying said threshold 
according to characteristics of said road sur- 
face. 



5 



control means for at least inhibiting, if jamming 
of said object was determined, the operation of 
the window glass at the time jamming was 
determined. 



10 



8. A window opening and closing apparatus according 
to claims 6 or 7 wherein said road surface charac- 
teristic evaluation means evaluates road surface 
characteristics based on changes in the rotational is 
speed of said motor. 

9. A window opening and closing apparatus using a 
motor lor opening and closing a window glass dis- 
posed on a door of a vehicle, said window opening 20 
and closing apparatus comprising: 

means for detecting the rotational speed of 
said motor; 

means for evaluating, based on the rotational 25 
speed of said motor, the characteristics of a 
road surface on which the vehicle is traveling; 
and 

means for controlling the drive of said motor 
according to the characteristics of said road 30 
surface. 

1 0. A window opening and closing apparatus according 
to any one of claims 1 -9 wherein said motor speed 
detection means comprises means for generating 35 
pulses at a period proportional to the motor speed 
and means for calculating the period of said pulses. 

the window opening and closing apparatus detects 
said pulse period as the motor rotational speed. 



11. A window opening and closing apparatus according 
to claim 10 wherein the jamming determination 
means calculates the load on said motor based on 
said pulse period and determines that the window 
glass has jammed due to a foreign object based on 45 
the motor load and said disturbance factor. 

12. A window opening and closing apparatus using a 
motor for opening and closing a window glass dis- 
posed on a door of a vehicle, the window opening so 
and closing apparatus comprising: 

means for detecting a load on said motor; 
means for detecting a disturbance factor that 
causes the rotational speed of said motor to ss 
abnormally change besides when the window 
glass jams an object; 



40 



means for determining that the window glass 
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Fig. 2 
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Fig. 10 
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